Although it is generally accepted that repeated contact with the malaria parasite and possibly other pathogenic organisms is the immediate stimulus for healthy Africans to maintain a higher serum gamma globulin concentration than Europeans (Holmes, Stanier, and Thompson, 1955; McGregor, Gilles, Walters, Davies, and Pearson, 1956; Edozien, Boyo, and Morley, 1960), recent comparative studies of the serum proteins in different population groups have also suggested that the difference in serum y globulin concentration between ethnic groups may have a genetic basis (Rawnsley, Yonan, and Reinhold, 1956; Vera and Roche, 1956; Edozien, 1957 Edozien, , 1958 Bakker, Bliek, and Luyken, 1957; Comens, 1957; Curnow, 1957; Keltz and Comstock, 1959 In order to further our understanding of the causes of difference between the mean y globulin levels of ethnic groups it is important to ascertain whether this difference is present at birth, and if not, to determine the age at which it first becomes manifest.
SYNOPSIS The serum protein of African and European mothers, African and European umbilical cord blood, and African children up to 61 years of age have been investigated. African umbilical cord blood contains significantly higher concentrations of y globulin than European umbilical cord blood. Significant differences were not found in the other protein fractions. The level of y globulin in the serum of African mothers is significantly higher than the corresponding level in European mothers. Significant differences were not observed in the other protein fractions. The changes in serum proteins in pregnancy in African women follow the pattern described in European women. Close correlation was demonstrated between the level of maternal and cord blood y globulin. The significance of this finding has been discussed.
It is concluded that hereditary factors cannot be excluded until further information on the level of y globulin of Europeans and other races subjected to the conditions of life of the average African is available.
Although it is generally accepted that repeated contact with the malaria parasite and possibly other pathogenic organisms is the immediate stimulus for healthy Africans to maintain a higher serum gamma globulin concentration than Europeans (Holmes, Stanier, and Thompson, 1955; McGregor, Gilles, Walters, Davies, and Pearson, 1956; Edozien, Boyo, and Morley, 1960) , recent comparative studies of the serum proteins in different population groups have also suggested that the difference in serum y globulin concentration between ethnic groups may have a genetic basis (Rawnsley, Yonan, and Reinhold, 1956; Vera and Roche, 1956; Edozien, 1957 Edozien, , 1958 Bakker, Bliek, and Luyken, 1957; Comens, 1957; Curnow, 1957; Keltz and Comstock, 1959) . The immunological and hereditary factors are not mutually exclusive, because it is possible that in certain environments, the process of natural selection may operate in favour of individuals who are able to provide high levels of circulating antibody and thus possess a high natural resistance to certain endemic diseases.
In order to further our understanding of the causes of difference between the mean y globulin levels of ethnic groups it is important to ascertain whether this difference is present at birth, and if not, to determine the age at which it first becomes manifest.
Received for publication 15 December 1960. Symul (1950) Longsworth, Curtis, and Pembroke (1945) for American babies. Electrophoretic data from different laboratories are unfortunately notorious for their wide variation, especially if different analytical techniques are employed, and the conclusions of Stanier and Thompson (1954) must be viewed 644 against this background. Close (1955) found that the y globulin concentration was lower in the newborn African child than in the European child and related this to poor nutrition. Thompson (1956) investigated the serum proteins in Uganda Africans under 18 months of age and concluded that the serum protein pattern in the first month of life is similar to that found in Europe and America and that the characteristic adult pattern becomes evident towards the end of the first year.
The reports available at present about the serum proteins of newborn Africans as compared with newborn Europeans thus provide very contradictory information and there is therefore need for further study, in particular for study of the newborn of both races by the same observers using identical methods. This has been done in the present investigation, the results of which are presented here.
MATERIALS AND METHODS
The human subjects studied are: (1) Seventy-five healthy adult women in Ibadan, being part of the group of 350 adult Nigerians previously reported; (2) 68 Nigerian The handling of the specimens and the method for estimating total proteins and the protein fractions were those described previously (Edozien et al., 1960) . Immuno-electrophoresis was performed according to the procedure of Grabar (1959) . Difco bactoagar was used without further purification. The unstained slides were photographed immersed in tap water: they were then stained with 1 % bromophenol blue for two minutes and washed for 10 minutes in 100% acetic acid followed by tap water for 18 hours.
RESULTS
The mean values, together with standard deviations for the total serum proteins and the protein fractions in healthy adult women in Ibadan, and in normal pregnancy are given in Table I . Compared with adult Europeans, the non-pregnant Nigerian women have lower albumin and higher y globulin concentrations but this is the usual pattern in symptomfree Nigerians. In pregnancy there is a progressive fall in the concentration of total protein and of albumin and a rise in the concentration of oi, (X2, and fi globulins. These changes are most marked at term.
There is also a drop in the y globulin concentration towards the end of pregnancy. These changes are similar to those which take place in pregnant European and American women (Poidevin, 1954; Mack, 1955) . lower in cord blood than in mother's blood. As expected the y globulin concentration in the blood of African mothers is significantly higher than the concentration of the same fraction in the blood of European mothers. The mean concentration of y globulin in the umbilical cord blood of European babies is significantly higher than the concentration in the blood of their mothers: good correlation exists between the concentration of the y fraction in the cord blood and the concentration in the mother's blood (Fig. 6 ). The relation of the y globulin concentration in the cord blood of African babies to the level in their mothers is complex. Examination of Fig. 6 shows that African mothers with y globulin concentrations below 1-6 g./100 ml. generally have babies whose y globulin level is higher than that of their mother, while women with y globulin level over 16 g./100 ml. have babies whose y globulin concentration is below that of their mother. The mean y globulin level in African umbilical cord blood is very significantly higher than the mean level in European umbilical cord blood so that the difference between the two races in this respect exists even at birth. Fig. 8 presents two typical immuno-electrophoretic patterns in cord blood and in mother's blood. No differences have been observed between the pattern in Europeans and Africans. In most cases the cord blood shows fewer antigenic components in the (X2, f, and y globulin zones than in the mother's blood.
In Table IV and in Fig. 9 are shown the mean values for total serum proteins and the protein fractions in healthy adults in cord blood and in children at different ages up to 6 years. At birth the total proteins are slightly lower than adult mean value, but attains this value at 6 months and stays there. The albumin level is slightly lower than adult mean value at birth but also rapidly attains that value (at 1 month). The slight drop in total serum proteins and albumin at about 2 years is probably related to the decrease in protein intake Aqe in Months from breast milk following weaning. Alpha 1 globulin adult mean concentration: it falls rapidly to reach a is normal at birth and does not show any notable minimum value by the end of the first month, changes throughout infancy and childhood. Alpha 2 remains at this low level for four to five months and globulin is normal at birth, rises to a maximum at begins to increase by the sixth month. A large about 6 months, and then falls gradually but at 6 increase occurs at 6 to 9 months of age followed by a years it has not returned to normal adult level. Beta more gradual rise and by 6 years it has not attained globulin, also normal at birth, rises to a maximum adult level. The rapid increase at 6 to 9 months at approximately 6 months and gradually returns to of age is probably unrelated to malaria since the normal level which it reaches by the age of 3 years. effect of malaria becomes evident after the age of At birth y globulin concentration is about 75% of 12 months (Edozien et al., 1960; McGregor and (GLOB. FiG. 9 . Immunoelectrophoresis of maternal and cord blood sera (horse-immune serum from Pasteur institute, Paris, was used). Note that maternal sera have at least two components each in the a2 and , globulin envelopes while the cord blood sera show only one component each distinctly. Also the yi globulin zone is not well developed in cord blood sera. Gilles, 1959) . In general these changes follow the pattern described in Europeans (Longsworth et al., 1945; Moore et al., 1949; Sternberg et al., 1956; Homolka and Mydlil, 1955; Oberman, Gregory, Burke, Ross, and Rice, 1956; Josephson and Gyllensward, 1957) (London, 1950; Dixon, Maurer, and Deichmiller, 1953; Dixon, Talmage, Maurer and Deichmiller, 1952) . Moreover, there is evidence that in man antibodies, which are y globulins (Tiselius and Kabat, 1939; Williams, Petermann, Colovos, Goodloe, Oncley, and Armstrong, 1944; Enders, 1944; Haurowitz, 1947; Boyd, 1954; Isliker, 1957) Ratner, 1923; Ten Broeck and Bauer, 1923; Pommerenke, 1936; Ratner, Jackson, and Gruehl, 1927; Sherman, Hampton, and Cooke, 1940; Bell and Eriksson, 1931; Neill, Gaspari, Richardson, and Sugg, 1932; Wright and Clerk, 1944) . Indeed several observers (Moore et al., 1949; Good and Zak, 1956; Franklin and Kunkel, 1958) believe that the newborn infant is unable to synthesize y globulin and that therefore all the globulin present in the foetus at birth is derived from the mother by transfer through the placenta. This conclusion is based upon the following evidence: (1) After birth the serum y globulin level gradually falls until the onset of antibody synthesis at the age of 5 to 6 months. (2) Only specific antibodies present in the mother have been found in cord blood and the amount in cord blood is usually below the level in maternal blood. (3) The higher molecular weight (19S) fraction of the globulin is absent from cord blood. (4) The observation of Good and Zak (1956) that the baby of an agammaglobulinaemic mother was also agammaglobulinaemic at birth and during the neonatal period and did not begin to form y globulin until the end of the second month of life. However, uterine transmission is probably not a simple exchange of serum proteins across the placenta. Cohen (1950) has observed that in the rabbit, which has a placenta very similar in structure to that of man, the passing of homologous serum antibody through the placenta differs markedly from the transmission of heterologous serum y globulin. The concentration of albumin is significantly higher in cord blood than in mother's blood while the concentrations of a1, aX2, and f globulins are significantly lower in cord blood. The immunoelectrophoretic data also demonstrate that some protein components with the electrophoretic mobility of 2, fll, and Yi globulins may be absent from cord blood although present in maternal blood. While it is possible to explain most of the differences in protein composition between maternal and foetal sera in the human species by haemoconcentration of foetal blood, coupled with the presence of large molecules within the (2' 91 and Yi globulin envelopes, nevertheless, the observation that the transfer of y globulin from mother to foetus appears to be inhibited when the concentration of y globulin in the maternal blood rises above a certain critical value, does suggest that in man the transfer of y globulin from mother to foetus is a more complex process than simple diffusion across the placenta.
The concentration of y globulin in the blood of the newborn is the result of the rapidly declining component derived from the mother prior to parturition and the rising contribution by the baby under the influence of its genetic constitution and/or in response to environmental stimuli. Much further investigation is needed before it is possible to assess clearly the relative importance of each of these factors.
During infancy and childhood the changes in the serum y globulin concentration in Africans follow the pattern which has been described in Europeans but at a higher level. Here also the questions may be asked whether the African has inherited a greater innate capacity to form y globulin or whether his high y globulin level is an expression of a more highly infected environment or whether his normal environment contains infective agents which provoke greater y globulin response? Attemps have been made to answer these questions by a study of the concentration of y globulin in the serum of Africans living under European conditions of life (Schofield, 1957; Van Oye and Charles, 1957) . This approach is not likely to produce valid and conclusive evidence, because the capacity of individuals to respond to any situation should normally be assessed after applying the correct stimulus; hence, in order to answer these questions, it would be more appropriate to study the y globulin concentration in Europeans and in other races under conditions comparable to those in which the majority of Africans grow up. It is not sufficient only to investigate Africans who have never been exposed to the necessary environmental stimuli. There are a number of natural situations in the world at present where other races can be investigated under African conditions of life and valuable information may accrue from such a study. Antibodies probably constitute the principal basis of immunity, and because antibodies are y globulins and there is little doubt that individuals and ethnic groups may vary in inborn resistance to endemic infections, further study of this problem may enhance our understanding of race and group immunity.
